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Abstract. The aim of the study was to examine air traffic controllers’ perspectives on competency, perfor-
mance, and training. Analysing data from 182 participants, the results revealed a strong focus on competency
with the controllers actively evaluating their skills. Notably, the experienced controllers (19+ years) displayed
a heightened commitment to continuous learning, reflected in their higher participation in individual training
and perception of its value for their career goals and adaptation to the evolving aviation industry. Compe-
tency-based training programs also received positive feedback across experience levels, highlighting their po-
tential effectiveness. Moreover, training was universally perceived as key to performance throughout careers.
These results highlighted the importance of fostering a culture of continuous learning within air traffic control
(ATC) communities. Aviation authorities can support this by providing diverse training opportunities, includ-
ing individual and competency-based programs. Future research should continue investigating the impact of
technological advancements and Al/machine learning on ATC competencies, the effectiveness of competency-
based training programs, and the role of individual training in competency development, ultimately ensuring

the vital role of air traffic controllers in aviation safety.
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1. Introduction

Air traffic controllers play a crucial role in ensuring flight
safety within the aviation industry (Kraut et al., 2011; Rah-
man et al., 2016). They are responsible for guiding the
safe, fast, and efficient flow of air traffic in airspace and at
airports (Dmochowski & Skorupski, 2019). Additionally, air
traffic controllers contribute to reducing fuel consumption
and emission levels by optimizing flight routes to the best
possible extent (Jopson, 2012).

Under this critical role and responsibility, air traffic
controllers working in aerodrome control, approach con-
trol, and area control units must possess high levels of
competency to safely guide flights through complex air-
spaces and airports. Competencies are fundamental attrib-
utes that enable successful job performance (Burnett &
Dutsch, 2006; Shavelson, 2010). A combination of knowl-
edge, skills, and abilities in a particular field can be re-
ferred to as competency (Davis et al., 1979; Fukada, 2018).
Furthermore, competency refers to the forms of behaviors
that workers must acquire or demonstrate to perform at
a high level under specific conditions and roles (Ellis &
Abbott, 2011).

Competencies directly linked to the performance
of air traffic controllers have been emphasized in vari-
ous studies (Jha et al., 2011; Pilmannova et al.,, 2023;
van Meeuwen et al., 2018). Therefore, the continuous
monitoring of their competencies is essential to enhance
controllers’ performance, to adapt to market changes
and to maintain existing job standards (Papathanassiou
et al.,, 2013).

The awareness, assessment, sustaining, and develop-
ment of competencies are of vital importance for air traf-
fic controllers to effectively fulfil their duties (Hlihel et al.,
2022; Kmita, 2013; Marmier et al., 2006; Urusova et al.,
2021). Competency awareness is the ability to identify
and understand one’s own competencies to perform a
job or a task (Kusumalatha & Gowda, 2020). Competency
assessment compares an individual's competencies to a
set of predetermined criteria (Curran et al., 2009; Whelan,
2006). Sustaining competencies involves consistently
fostering and renewing competencies throughout one’s
career path (Stallman et al., 2013; Westera, 2001). Com-
petency development means building your own special
set of skills and strengths to overcome challenges and
achieve the company’s aims (Berge et al., 2002; Karpagam
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& Sujatha, 2020; Mathur, 2012; Sharf, 1979). Comprising
essential elements of professional development for air
traffic controllers, these tools facilitate self-assessment,
goal-setting, and progress tracking, ultimately enhanc-
ing performance. Given the complexity of their roles and
the crucial importance of continuous improvement, tar-
geted training, and regular refresher courses are essen-
tial for controllers to ensure they possess the necessary
competencies (Soldatov et al.,, 2018; van Meeuwen et al.,
2018). Throughout their careers, controllers go through
an intensive training to become competent in their roles
(Zhang & Jin, 2019). Training allows controllers to signifi-
cantly enhance their skills and support their ongoing de-
velopment (Soldatov et al., 2018). One program known as
refresher training serves to support air traffic controllers
in enhancing their proficiency and maintaining optimal
flight safety and efficiency, particularly in response to es-
calating demands in air traffic (Dattel et al., 2020). It also
enables them to practically handle emergency situations,
thereby enhancing their ability to effectively respond in
real scenarios (Dattel et al., 2019). Moreover, training
supports controllers in adapting to new air traffic man-
agement systems and procedural changes (Rodrigues
et al, 2018). Hence, refresher training programs should
address all training needs to keep pace with technologi-
cal advancements and procedures (Dattel et al., 2019).
These programs should be built upon standard founda-
tions, made effective and tailored to the evolving needs
of air trafic management (Shamsiev, 2022a). However, a
study revealed a significant gap between formal training
requirements for air traffic controllers and operational
demands (Malakis & Kontogiannis, 2012). Competency-
based programs offer a promising solution to this chal-
lenge, optimizing performance through targeted training
that addresses specific skill gaps. This approach aims to
achieve peak performance in a shorter duration through
a more effective program rather than completing speci-
fied training hours (Kearns et al., 2017; Oprins et al., 2011;
Suzana et al., 2020). Competency-based training involves
advanced training processes that enhance the acquisi-
tion of knowledge, skills, and abilities (Keller et al., 2020;
Shamsiev, 2022b). This method offers a more efficient
training experience compared to traditional programs
(Oprins et al.,, 2006). Additionally, competency-based
training programs can be customized to adapt to the
changing needs of the aviation sector, ensuring that air
traffic controllers are always informed of the latest devel-
opments and equipped to meet requirements (Kholostov
& Goroshko, 2022). In 2016, the International Civil Avia-
tion Organization (ICAO), the international aviation regu-
latory and oversight body, amended the Procedures for
Air Navigation Services — Training (PANS-TRG) document
9868 to define the requirements for competency-based
training for air traffic controllers. Concurrently, ICAO
published guidance for contracting states in document
10056, titled "Competency-Based Training and Assess-
ment for Air Traffic Controllers.”

The increasing accessibility of training materials
through technological advancements, such as online plat-
forms and mobile learning apps, has driven the growth of
individual training in the aviation sector (Kalbow, 2013).
This trend, while not replacing traditional formal training
programs, offers a flexible and personalized learning ap-
proach that meets individual needs. It can be delivered
in a variety of ways, including one-on-one instruction,
online courses, or blended learning. Individual training is
often used to develop specific skills or knowledge, such
as technical or soft skills (Read & Knoch, 2009).

Air traffic controllers rely on a dynamic interplay be-
tween training and real-world performance to ensure safe
and efficient air traffic flow. Training equips them with
essential knowledge and skills, like technical procedures
and decision-making, through methods like competen-
cy-based training program and individual training efforts
(Ogbeide, 2008; Singh, 2014; Tiwari et al,, 2011). Applying
these skills in real-time, adapting to unexpected situa-
tions under pressure, is crucial for effective performance
(LeBleu & Sobkowiak, 1995). This continuous balance
between training and performance is the core of profes-
sional air traffic control.

Standards are set by ICAO, and contracting states
comply with these standards through regulations in avia-
tion. Hence, there is a notable lack of literature, particu-
larly in the field of air traffic control. Even though the
ICAO introduced the competency-based training model
in 2016, there are very few studies on competency-based
training and the concept of competency. While recent
works like Kesedzic et al.'s (2020) study on Air Traffic
Control Competencies Measurements based on Func-
tional Near-Infrared Spectroscopy, Wang and Ma's (2023)
Analysis on the Competence Characteristics of Controllers
in the Background of Air Traffic Control System with Man-
machine Integration and Harris's (2021) Air Traffic Control
Specialists’ Perceptions of Simulation for Developing Job-
Related Competencies have drawn attention to the field,
there remains a significant gap in addressing competen-
cies, competency-based training, individual training, and
the training-performance relationship customized to ex-
perience and unit variables.

A positive correlation between experience and com-
petency has been shown by research in air traffic control
(Soldatov et al., 2018). Air traffic controllers working in
different units (e.g., en-route, approach, tower) encounter
distinct operational environments and tasks, necessitating
unique competencies. For example, en-route controllers
manage large airspace sectors and prioritize efficient traf-
fic flow, while tower and approach controllers focus on
precise aircraft sequencing and landing safety.

This study aims to explore how air traffic controllers
approach the awareness, assessment, sustaining, and de-
velopment of their professional competencies. Further-
more, it aims to comprehend how these controllers use
individual training, competency-based training programs
and the interplay between training and performance to



enhance and sustain their professional skills. This study
focuses on air traffic controllers within a specific region,
encompassing controllers with diverse experience levels
and working in different units (e.g., en-route, approach,
tower). While this provides valuable insights into their cur-
rent approaches, it also highlights the need for further re-
search as the air traffic control evolves rapidly. Technologi-
cal advancements, such as increasing automation and the
integration of artificial intelligence, are likely to transform
the competencies and training needs of future controllers.
Nevertheless, this research directly addresses a gap in the
existing literature on competency and competency-based
training in air traffic control. By examining air traffic con-
trollers’ experiences with competency, training, and the
interplay between training and performance, the research
offers valuable insights into this vital field of air traffic con-
trol. These insights can inform the design of future train-
ing programs and support systems, potentially fostering
adaptability and resilience in the face of industry changes.

2. Methodology

This research employs a descriptive survey approach to
explore air traffic controllers’ perspectives on competency,
training and the interplay between training and perfor-
mance. Descriptive research aims to allow for a compre-
hensive description of the current situation and involves
gathering data to answer specific questions (Koh et al,
2000; Nassaji, 2015). Choosing a survey over other meth-
ods, such as case studies or interviews, allows for a broad-
er understanding of these crucial aspects among a diverse
group of controllers distributed across different units and
experience levels.

This study is guided by the following two research
questions:

RQ1: How do air traffic controllers, having varying lev-
els of experience and working in different units, approach
the awareness, assessment, sustaining, and development
of their professional competencies?

Table 1. Research hypotheses
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RQ2: How do air traffic controllers, having varying lev-
els of experience and working in different units, approach
individual training, competency-based training programs,
and the interplay between training and performance in en-
hancing and sustaining their professional skills?

An online survey involving 182 professional air traffic
controllers was conducted to gather data relevant to the
research questions. The online survey comprised pre-de-
termined seven questions for this purpose. The participants
were provided with the opportunity to rate on a scale from
1 (‘'Strongly Disagree’) to 5 ('Strongly Agree’). The collected
data were analyzed using the SPSS (Statistical Package for
the Social Sciences) software. Means and standard devia-
tions were calculated based on the participants’ responses
using one-way Analysis of Variance (ANOVA). The results
were individually assessed and interpreted for each sec-
tion. The research was conducted following principles of
participant confidentiality and data anonymity. The re-
search hypotheses are presented in Table 1.

3. Results

The results of the study are presented in Tables 2, 3, and 4.
The research was conducted to examine the perspectives
and perceptions of air traffic controllers regarding com-
petency awareness, assessment, sustaining, development,
individual training, competency-based training, and the
relationship between training and performance. The re-
sults explain the levels of awareness, beliefs about pos-
session and approaches toward sustaining and enhancing
these critical competencies among air traffic controllers.
Additionally, one-way ANOVA statistical analyses were
performed to assess potential differences across various
experience levels and air traffic control (ATC) units. To per-
form an ANOVA test, it is essential for the data to exhibit
normal distribution. Tabachnick and Fidell (2013) state that
skewness and kurtosis values between +1.50 are generally
considered to be indicative of a normal distribution. When
the values in Table 2 is examined, it is evident that all vari-
ables demonstrate skewness and kurtosis values within the
acceptable range. Consequently, the data for each variable
is generally normally distributed.

H1a: The approaches to competency awareness among air traffic controllers differ according to experience.
H1b: The approaches to competency awareness among air traffic controllers differ according to unit.

H2a: The approaches to competency assessment among air traffic controllers differ according to experience.
H2b: The approaches to competency assessment among air traffic controllers differ according to unit.

H3a: The approaches to sustaining competencies among air traffic controllers differ according to experience.
H3b: The approaches to sustaining competencies among air traffic controllers differ according to unit.

H4a: The approaches to competency development among air traffic controllers differ according to experience.
H4b: The approaches to competency development among air traffic controllers differ according to unit.

H5a: The approaches to individual training among air traffic controllers differ according to experience.
H5b: The approaches to individual training among air traffic controllers differ according to unit.

H6a: The approaches to competency-based training program among air traffic controllers differ according to experience.
H6b: The approaches to competency-based training program among air traffic controllers differ according to unit.

H7a: The approaches to training and performance among air traffic controllers differ according to experience.
H7b: The approaches to training and performance among air traffic controllers differ according to unit.
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Table 2. n, Mean, Std. Deviation & Normality of results

Normality
n Mean Std. Deviation
Skewness Kurtosis
Competency awareness 182 4.6429 .50295 —-.863 -.647
Competency assessment 182 4.5440 .58124 —742 —-481
Sustaining competencies 182 4.5440 .56190 -.856 -251
Competency development 182 4.4341 .64246 -699 -514
Individual training 182 4.1813 73212 -.297 -1.087
Competency-based training 182 4.4451 .63486 —-.708 —-487
Training and performance 182 4.4560 .69389 —-894 -440
Table 3. ANOVA results by experience
Groups n Mean Std. Deviation | Std. Error F Sig Dif.
Competency awareness 0-2 years 13 4.5385 .66023 18311 2.041 110
3-10 years 73 4.6027 .52014 .06088
11-18 years | 51 4.5882 49705 .06960
19+ years 45 4.8000 40452 .06030
Competency assessment 0-2 years 13 4.3077 .75107 .20831 1.807 148
3-10 years 73 44795 .57998 .06788
11-18 years | 51 4.5882 .53578 .07502
19+ years 45 4.6667 .56408 .08409
Sustaining competencies 0-2 years 13 44615 .66023 18311 4.877 .003* “3-10"- "19+";
3-10years | 73 | 44110 59711 06989 11-18"-"19+"
11-18 years | 51 4.5294 .54233 07594
19+ years 45 4.8000 40452 .06030
Competency development 0-2 years 13 4.5385 .51887 14391 3.719 .013* “3-10"- "19+"
3-10 years 73 4.2603 66724 .07809
11-18 years | 51 4.4706 .61165 .08565
19+ years 45 4.6444 .60886 .09076
Individual training 0-2 years 13 3.7692 72501 .20108 6.296 .001* "0-2"-"19+";
3-10years | 73 | 4.0000 70711 08276 "3-10"-"19+"
11-18 years | 51 42745 75042 .10508
19+ years 45 4.4889 .62603 .09332
Competency-based 0-2 years 13 4.3077 .63043 17485 1.011 .389
training 3-10years | 73 | 43699 65631 07682
11-18 years | 51 4.5098 .57871 .08104
19+ years 45 45333 .66058 .09847
Training and performance 0-2 years 13 43077 75107 .20831 1.956 122
3-10 years 73 4.3288 76476 .08951
11-18 years | 51 4.5686 .60844 .08520
19+ years 45 45778 62118 .09260
Note: *p < 0.05; F = One-Way Analysis of Variance (ANOVA); Difference = Tukey Test (<.05) Games Howell (>.05).
Table 4. ANOVA results by unit
Groups n Mean Std. Deviation| Std. Error F Sig Dif.
Competency awareness TWR 101 4.6139 .52859 .05260 1.166 314
APP 40 4.7500 43853 .06934
ACC 41 4.6098 49386 07713
Competency assessment TWR 101 4.5149 .61015 .06071 .516 .598
APP 40 4.6250 .54006 .08539
ACC 41 4.5366 .55216 .08623
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End of Table 4
| | Groups | n | Mean |Std. Deviation| Std. Error | F | Sig | Dif.
Sustaining competencies TWR 101 45347 .57558 .05727 1.149 319
APP 40 4.6500 53349 .08435
ACC 41 4.4634 .55216 .08623
Competency TWR 101 4.4158 .62076 .06177 .534 .587
development APP 40 45250 71567 11316
ACC 41 4.3902 62762 .09802
Individual training TWR 101 4.1188 .73874 .07351 913 403
APP 40 4.2250 .73336 11595
ACC 41 4.2927 .71568 11177
Competency-based TWR 101 4.4455 .60787 .06049 .037 .964
training APP 40 44250 71208 11259
ACC 41 44634 .63630 .09937
Training and TWR 101 4.3960 .70823 .07047 .850 429
performance APP 40 4.5250 .64001 10119
ACC 41 4.5366 .71055 11097

Note: *p < 0.05; F = One-Way Analysis of Variance (ANOVA); TWR = Aerodrome Control Tower; APP = Approach Control Unit; ACC =

Area Control Center.

3.1. Competency awareness

The participants’ level of awareness regarding competen-
cies required to ensure safe air traffic control services was
found to be 4.6429 with a standard deviation of 0.50295.
This outcome indicates that air traffic controllers possess a
high awareness of the competencies necessary to provide
safe air traffic control services. The low standard deviation
suggests a consensus among participants regarding this
matter.

According to the ANOVA results shown in Table 3
and Table 4, there was no statistically significant differ-
ence in the level of the competency awareness among the
controllers with different levels of experience and those
working in different ATC units. The test results related to
competency awareness hypothesis are shown in Table 5.
Despite formulated hypotheses (H1a and H1b) anticipating
differences, both were ultimately rejected. These results
suggest that the air traffic controllers across all experience
levels and units demonstrate a high level of self-awareness
regarding the competencies necessary for safe and effec-
tive air traffic control. This implies that they can identify
and understand their own strengths and limitations in rela-
tion to the critical skills and knowledge required for their
demanding profession, regardless of individual or unit-
specific factors.

3.2. Competency assessment

The participants rated the level of competency assessment
as 4.5440 with a standard deviation of 0.58124. This result
indicates a positive attitude among the air traffic control-
lers towards assessing their competencies.

According to the ANOVA results shown in Table 3 and
Table 4, there was no statistically significant difference in
the perspectives of the competency assessment among
the controllers with different levels of experience and those
working in different ATC units. The test results related to
competency assessment hypothesis are shown in Table 6.
Despite formulated hypotheses (H2a and H2b) anticipating
differences, both were ultimately rejected. These results
suggest that the air traffic controllers across all experience
levels and units consistently engage in high-level compe-
tency assessment, actively comparing their own skills and
knowledge to established criteria for safe and efficient air
traffic control.

3.3. Sustaining competencies

The average assessment level of the participants regarding
the sustaining competencies was 4.5440 with a standard
deviation of 0.56190. This result indicates a positive at-
titude among the air traffic controllers towards maintain-

Table 5. The test results related to competency awareness hypothesis

H1a: The approaches to competency awareness among air traffic controllers differ according to experience.
H1b: The approaches to competency awareness among air traffic controllers differ according to unit.

Rejected.
Rejected.

Table 6. The test results related to competency assessment hypothesis

H2a: The approaches to competency assessment among air traffic controllers differ according to experience.
H2b: The approaches to competency assessment among air traffic controllers differ according to unit.

Rejected.
Rejected.
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ing their competencies. Similarly, the moderate standard
deviation implies a consensus on this matter.

According to the ANOVA results shown in Table 3 and
Table 4, there was no statistically significant difference in
the perspectives of the sustaining competencies among
the controllers working in different ATC units. However,
there was a notable difference among the experience
groups. Particularly, a significant difference was observed
between the air traffic controllers with 19+ years of experi-
ence and those with less experience (F = 4.877; p < 0.05).
This outcome suggests that experience influences the air
traffic controllers’ perceptions of sustaining competencies.
The controllers with higher experience emphasize more
on sustaining competencies, indicating that the knowledge
and experience gained over the years might significantly
impact this perception. The test results related to sustain-
ing of competencies hypothesis are shown in Table 7.

3.4. Competency development

The participants showed an average assessment level
of 4.4341 regarding the continual development of their
competencies, with a standard deviation of 0.64246. These
positive attitudes indicate the air traffic controllers’ keen-
ness to advance in their careers. However, the slightly
higher standard deviation suggests potential diversity in
opinions on this matter.

According to the ANOVA results shown in Table 3 and
Table 4, there was no statistically significant difference in
the perspectives of the competency development among
the controllers working in different ATC units. However,
there was a notable contrast in the experience levels. Par-
ticularly, a significant difference was observed between
the air traffic controllers with 19+ years of experience
and those with 3-10 years of experience (F = 3.719;
p < 0.05). This outcome indicates that the controllers
with higher experience are more willing to engage in the
continual development of competencies, consistent with
the results related to competency sustaining. The test re-
sults related to competency development hypothesis are
shown in Table 8.

3.5. Individual training

The participants expressed a focus on individual training
alongside refresher courses for enhancing their competen-
cies in the evolving aviation sector. The mean assessment
level of the participants was 4.1813 with a standard devia-
tion of 0.73212.

These results highlight the air traffic controllers’ strong
emphasis on continual learning and personal develop-
ment. This attitude reflects their willingness to adapt to
rapid changes in the industry and to advance their careers.
However, the high standard deviation suggests a potential
significant diversity in perspectives on this matter.

According to the ANOVA results shown in Table 3 and
Table 4, there was no statistically significant difference in
the perspectives of the individual training among the con-
trollers working in different ATC units. Hence, the control-
lers across different units similarly value training and de-
velopment. However, in comparisons based on experience
levels, a significant difference was noted between the air
traffic controllers with 19+ years of experience and those
with less experience (F = 6.296; p < 0.05). This outcome
indicates that the controllers with higher experience par-
ticipate more in individual training throughout their ca-
reers. It suggests that these controllers consider individual
training more instrumental in sustaining and enhancing
their careers. The test results related to individual training
hypothesis are shown in Table 9.

3.6. Competency-based training program

The process and learner-focused competency-based train-
ing model was assessed as a suitable model by the par-
ticipants, with an average evaluation level of 4.4451 and
a standard deviation of 0.63486. This outcome indicates a
positive reception among the air traffic controllers toward
competency-based training, while the moderate standard
deviation suggests a consensus on this approach.
According to the ANOVA results shown in Table 3 and
Table 4, there was no statistically significant difference in
the perspectives of the competency-based training pro-
gram among the controllers having different experiences

Table 7. The test results related to sustaining competencies hypothesis

H3a: The approaches to sustaining competencies among air traffic controllers differ according to experience.
H3b: The approaches to sustaining competencies among air traffic controllers differ according to unit.

Accepted.
Rejected.

Table 8. The test results related to competency development hypothesis

H4a: The approaches to competency development among air traffic controllers differ according to experience.
H4b: The approaches to competency development among air traffic controllers differ according to unit.

Table 9. The test results related to individual training hypothesis

H5a: The approaches to individual training among air traffic controllers differ according to experience.
H5b: The approaches to individual training among air traffic controllers differ according to unit.

Accepted.
Rejected.

Accepted.
Rejected.
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Table 10. The test results related to competency-based training hypothesis

H6a: The approaches to competency-based training program among air traffic controllers differ according to experience. | Rejected.

H6b: The approaches to competency-based training program among air traffic controllers differ according to unit.

Rejected.

Table 11. The test results related to training and performance hypothesis

H7a: The approaches to training and performance among air traffic controllers differ according to experience.
H7b: The approaches to training and performance among air traffic controllers differ according to unit.

and working in different ATC units. Thus, the training
model preferences of the air traffic controllers seem not
to be correlated with their experience levels or the units
they are assigned to, indicating an overall positive evalu-
ation of this competency-based training model. The test
results related to competency-based training hypothesis
are shown in Table 10. Despite formulated hypotheses
(H6a and H6b) anticipating differences, both were ulti-
mately rejected. These results highlight the widespread
approval of this competency-based training model
among the air traffic controllers, regardless of individual
or unit-specific factors.

3.7. Training and performance

The participants rated the average assessment level of
how training throughout their careers enhanced job per-
formance at 4.4560, with a standard deviation of 0.69389.
This outcome reflects the perception among the control-
lers of the positive effects of training on job performance.

Despite the relatively high standard deviation above the
average, the ANOVA results shown in Table 3 and Table 4 in-
dicated no statistically significant difference in the perspec-
tives of the training and performance among the controllers
having different levels of experience and those working in
different ATC units. Thus, the air traffic controllers, regard-
less of varying experiences or units, share a similar belief in
the enhancing impact of training on job performance. The
test results related to training and performance hypothesis
are shown in Table 11. Despite formulated hypotheses (H7a
and H7b) anticipating differences, both were ultimately re-
jected. These results support the idea that the air traffic
controllers see training and performance as an ongoing
cycle. Continuous development through training programs
and personal efforts helps them adjust, make important de-
cisions, and handle the challenges of their demanding job.
This ongoing connection between training and performance
highlights the need to encourage a culture of lifelong learn-
ing in the air traffic control community for the utmost safety
and efficiency in aviation.

4. Conclusions

This study explored the air traffic controllers’ perspectives
on competency awareness, assessment, sustaining, develop-
ment, individual training, competency-based training pro-

Rejected.
Rejected.

grams, and the interplay between training and performance.
The results provide valuable insights into how these critical
professionals approach their careers and maintain the high
standards required for safe and efficient air traffic flow.

Key takeaways from the study include:

High awareness and assessment of competencies: Air
traffic controllers demonstrate a strong awareness of the
competencies necessary for their demanding role and ac-
tively engage in assessing their own skills and knowledge
against established criteria.

Experience matters for sustaining and development: The
research results revealed the willingness of the air traffic
controllers to sustain and develop their existing compe-
tencies. While some differences emerged based on experi-
ence, the controllers generally placed significant individual
emphasis on their development in this domain. Especially,
the experienced (19+ years) air traffic controllers showed a
stronger commitment to maintaining and improving their
skills, suggesting an ongoing desire to learn and grow
throughout their careers.

Individual training valued across experience levels: The
group of 19+ years of experience participates in indi-
vidual training beyond administrative requirements more
frequently than those with less experience. They also view
individual training as more instrumental in maintaining
their skill sets and adapting to the evolving aviation in-
dustry, potentially due to its ability to address both spe-
cific career goals and knowledge gaps identified through
self-assessment.

Positive reception of competency-based training: The
learner-focused approach of competency-based training
programs is met with approval by the controllers across
experience levels and units, highlighting its potential as an
effective training model.

Training seen as key to performance: The air traffic con-
trollers view training throughout their careers as instru-
mental in enhancing their job performance, regardless of
their specific experience or unit assignment.

These results highlight the importance of fostering a
culture of continuous learning and development within
the air traffic control community. By providing access to
diverse training opportunities, including individual train-
ing and competency-based programs, aviation authorities
can support controllers in sustaining and enhancing their
skills, ultimately contributing to the continued safety and
efficiency of aviation.
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Future research should continue to investigate com-
petency development, individual training preferences, and
competency-based training programs to ensure that air traf-
fic controllers possess the requisite skills and knowledge for
effectively managing air traffic flow. This is crucial, especially
considering the rapid changes in the aviation environment.
Researchers should research the impact of technological ad-
vancements and Al/machine learning on air traffic controller
competencies. Understanding how these advancements al-
ter the skills and knowledge required by air traffic control-
lers is imperative for adapting training programs to meet
evolving demands. Additionally, there is a need to assess
the effectiveness of competency-based training programs.
Research should focus on designing these programs to
align with the specific needs of air traffic controllers within a
dynamically changing environment. Examining their efficacy
will contribute to optimizing training strategies. Exploring
the role of individual training in competency development
is another key area for future research. Understanding how
individual training can be customized to support air traffic
controllers in acquiring essential skills and knowledge will
enhance their overall competency. The outcomes of such
research will play an important role in supporting air traffic
controllers for aviation safety.
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